To investigate whether long-term weight fluctuation is associated with the fasting serum insulin concentration. DESIGN AND SUBJECTS: Weight histories of 1932 male Japanese workers aged 40-59 y were analyzed in relation to their current fasting serum insulin concentration. MEASUREMENTS: Individual weight fluctuation was calculated by root mean square error (RMSE) along the linear regression line of weight measured at five to six different ages. RESULTS: The mean RMSE and fasting insulin concentration were 1.22 kg and 4.5 mU/ml, respectively. The multivariate adjusted insulin level became higher with the increase in weight fluctuation. Subanalysis stratified by current body mass index (BMI) showed that the multivariate adjusted insulin level in individuals in the top quartile of fluctuation was 4.3 mU/ml, against 3.9 mU/ ml in those in the bottom quartile (P ¼ 0.018, analysis of covariance (ANCOVA)) in the normal weight subgroup with current BMI below 25 kg/m 2 . In the overweight subgroup with BMI 25 kg/m 2 or above, the level was 6.9 mU/ml in individuals in the top quartile and 6.2 mU/ml in those in the bottom quartile (P ¼ 0.054, ANCOVA).
Introduction
The pathogenic importance of insulin resistance and hyperinsulinemia in the development of cardiovascular diseases has been demonstrated. [1] [2] [3] [4] These altered metabolic states are considered to be a central feature of obesity, and its association with body mass index (BMI) or regional and total adiposity have been considerably investigated. [5] [6] [7] [8] However, few studies have directly addressed the effects of weight fluctuation on the insulin resistance or hyperinsulinemia in human. One study, to our knowledge, examined the correlation between weight fluctuation and fasting insulin concentration. 9 While this study, conducted in Pima Indians, did not find a positive association after controlling for current obesity, the question arises whether the absence of such an association applies to other populations with different degrees of obesity. In Japan, the prevalence of obesity, with a BMI of 30 kg/m 2 or more 10 was only 2.8% in 1997. 11 Because population-based observational epidemiological studies have suggested that deleterious effects of weight fluctuation on health may be limited to nonobese individuals, [12] [13] [14] confirming the effects of weight fluctuation on the insulin metabolism in a lean population carries important clinical, pathological, and public health implications. In addition, use of the actually measured weight as opposed to self-reported recalled weight will produce a more accurate estimate of the association. 15, 16 We employed root mean square error (RMSE) as a measure of weight fluctuation, because it represents the residual variability around the overall time trend of weight, and is thought to be a better marker of fluctuation than the coefficient of variation. 17, 18 In this report, we examined longitudinal weight data from a worksite cohort study consisting of 1932 Japanese men aged 40-59 y in relation to their serum fasting insulin concentration.
Subjects and methods

Study population and data collection
The study population was selected from male workers of a manufacturing company in Aichi Prefecture, central Japan, who participated in a cohort study of cardiovascular diseases. Participants have been followed since 1997, when information about lifestyle-related items was gathered by a selfadministered questionnaire, and blood samples were taken and stored at the time of the annual company health checkup. Of the 2816 workers aged 34-69 y at enrollment, 2725 participated. Those aged 60 y or over were either executives or part-time employees and thus excluded from the present analysis (n ¼ 111). We also excluded from the analysis those below 40 y of age because of the smaller number of weight measures available to obtain the age-weight regression line (n ¼ 261). By reviewing individual health check-up charts kept in the company health division, we collected data on body weight when the participants were 20, 25, 30, or 40 y olds and on their height at age 20 y. With those employed after graduation from college, body weight at age 21 or 22 was substituted for that at age 20 y (n ¼ 425). Body weight in 1992, that is, 5 y before enrollment, was also obtained from the charts. Weight and height were measured at the annual health check-up conducted every year at around the same time. Height in the standing position (to the nearest 1 mm) and weight (to the nearest 0.5 kg) were recorded using a calibrated platform scale. Subjects wore typical light clothing with their shoes removed. Their past weight along with weight at baseline (1997) constituted a series of weights over time at five or six ages. In studying the possible association between long-term weight fluctuation and fasting serum insulin levels, we excluded participants without complete weight records (n ¼ 326) or insulin concentration (n ¼ 7). Those with a history of medically treated diabetes (n ¼ 62) or cancer (n ¼ 26) were also excluded because of the possible weight change or fluctuation attributable to them. Finally, 1932 individuals were left for analysis. The study protocol was approved by the Ethics Committee of Nagoya University Graduate School of Medicine, Nagoya, Japan.
Weight fluctuation
The weight fluctuation index was constructed using the recorded weights. The RMSE of the linear regression line of these weights in relation to age was calculated for each subject, and was used as the index of weight fluctuation. 
Insulin concentration
Blood samples were collected after fasting at least 12 h overnight. Serum was isolated immediately, and after measurement of routine health check-up items (cholesterol, glucose, and liver enzymes), the rest was stored at À801C in a deep freezer in the Department of Public Health, Nagoya University, until determination of serum insulin concentration in the year 2000 by solid phase RIA (RIABEAD II; Dainabot Co., Ltd Chiba, Japan).
Definition of covariates BMI at baseline was calculated as weight in kilograms divided by the square of the height in meters, both of which were obtained in 1997. Age 20 BMI was calculated using the weight and height obtained at age 20. The difference between age 20 BMI and current BMI was calculated, and its ratio to the age 20 BMI (%) was also presented for descriptive purposes.
Smoking status was classified into four levels (never, past, current smoker of 1-24 cigarettes and 25 or more per day). Drinking habit was first assessed by the number of drinking days per week (none, 1-3, 4-6, and daily). If present (not none), it was further categorized into three levels by weekly consumption (light, moderate, heavy), that is, daily alcohol consumption times days of drinking per week. A leisure-time physical activity was assessed by two questions about frequency (seldom, 1-3 times per month, 1-2 times per week, 3 times or more per week) and intensity (vigorous, moderate, light) of the physical activity in their free time. Those who engaged in vigorous activity, 1-2 or more times per week, or moderate activity, more than 3 times per week, were classified as 'regularly active.' Those who engaged in vigorous activity, 1-3 times per month, moderate activity, 1-2 times per week, or light activity, more than 3 times per week, were classified as 'somewhat active.' All others with nonmissing data on these questions were classified as 'not very active.' Vigorous activity was defined in the questionnaire as the level that leaves participants out of breath. Similarly, moderate activity was defined as the level that leaves participants breathing rather hard.
Statistical analysis
All statistical analyses were performed with the SPSS statistical package for Windows version 11.0. RMSE was divided into quartiles. Study-specific quartile cut-points were 0-0.52, 0.53-0.97, 0.98-1.59, and 1.60-6.53 kg. The mean RMSE values for the each quartile were 0.33, 0.75, 1.25, and 2.56 kg. For the primary purpose of the analysis, we calculated the crude mean fasting insulin levels for the quartiles of RMSE (Model 1). We then adjusted the mean with age at baseline, BMI at age 20 and at baseline, and weight change slope all as covariates using a general linear model (Model 2).
Further adjustment was also performed with the smoking, 25 Insulin concentration is presented as the geometric mean because of the skewness of the data. Differences among means were tested by analysis of covariance (ANCOVA) and post hoc multiple comparisons were performed by the Sidak method. Proportions were tested by w 2 test. All reported Pvalues were two-sided, and a P-value of less than 0.05 was considered statistically significant. Test of linear trend was performed considering RMSE quartile categories as equally spaced ordinal ones.
Results
At baseline, study participants were 51. Because our present analysis primarily aimed to show differences in insulin levels by the differing levels of weight fluctuation, that is, RMSE, we first presented the relationship of RMSE with known or suspected confounding variables (Tables 1 and 2) .
Men with larger weight fluctuation were more likely to be older. Then after adjustment of age at baseline, those with larger weight fluctuation had higher current BMI as well as age 20 y BMI (Table 1) . This means that individuals whose weight had fluctuated most had been heaviest at age 20 y and were also heaviest at baseline. Weight fluctuation was not related to weight change slope or percent BMI change since age 20 y. Smoking status was unrelated to weight fluctuation in this study sample (Table 2) . Drinking habit and physical activity were both marginally associated with weight fluctuation (P ¼ 0.07). However, there was no clear trend in increase or decrease in the prevalence proportion of these items across the levels of weight fluctuation. Insulin concentrations are shown according to RMSE quartile in Table 3 . Differences among mean crude fasting insulin levels by RMSE quartiles were statistically significant for total subjects (Model 1). Adjustment with age, BMI at baseline and at age 20 y, and weight change slope did not materially alter the association (Model 2). Further adjustment with smoking status, drinking habit and physical activity did not change the association either (Model 3).
We divided the participants into two groups (ie, BMI at baseline o25 kg/m 2 and BMI at baseline !25 kg/m 2 ) and conducted the same analysis ( Table 3 ). The insulin level in participants whose BMI was 25 kg/m 2 or above (overweight) was markedly higher than in those whose BMI was below 25 kg/m 2 (normal weight). Of the normal weight subgroup, the mean RMSE and insulin concentration were 1.15 kg and 4.0 mU/ml, respectively. Among the overweight subgroup, the mean RMSE and insulin concentration were 1.51 kg and 6.9 mU/ml, respectively. Differences among mean fasting insulin levels according to RMSE quartile were statistically significant only in the normal weight subgroup, in which the multivariate adjusted mean of insulin concentration in those with the largest weight fluctuation (Q4) was higher than in those with a smaller weight fluctuation (Q1 and Q2). Test of linear trend revealed that the insulin concentration became higher, the greater the weight fluctuation. In the overweight subgroup, the association between RMSE and insulin concentration appeared to be weaker than in the normal weight subgroup. After multivariate adjustment, however, differences in means by RMSE quartiles and linear trend were marginally significant (Po 0.1).
In an additional analysis, we calculated RMSE without using current weight data to achieve a temporal separation of 5 y between weight fluctuation and insulin concentration, to investigate the possibility that the present result may have been produced by some underlying illness that had influenced both the insulin concentration and weight fluctuation. However, the results were virtually identical (data not shown).
Discussion
In this cross-sectional analysis of Japanese male workers, individuals with larger weight fluctuation (ie, larger RMSE) over an average 31 y had a significantly higher fasting insulin concentration after controlling for age, current and age 20 BMI, smoking, drinking, and physical activity status. Hanson et al 9 also examined the association of weight fluctuation with the fasting insulin concentration in Pima Indians. The insulin level was modestly associated with RMSE over median 7-8 y, however, the association diminished after adjustment for current obesity. It is important to recall that the degree of obesity in their study sample was much higher than ours; the median BMI in their low-, middle-and high-RMSE groups were 29.7, 30.9 and 33.8 kg/m 2 , respectively, against a mean BMI of only 22.7 kg/m 2 in our total sample.
Furthermore, stratified subanalysis by current BMI at 25 kg/ m 2 revealed that the association between weight fluctuation and insulin level was more evident in normal weight individuals. The discrepancy between the two studies may be attributable to the varying degrees of obesity among the study samples.
Although we did not measure the degree of total or abdominal adiposity, the increased insulin concentration might reflect a change in adiposity. A significant increase in visceral fat mass as a long-term consequence of weight cycling was reported in an experimental study in rats. 26 Adipose tissues were also found to be significantly enlarged in weight-cycled rats. 27 Two studies in humans found a positive association of weight fluctuation with waist-hip ratio 28 or truncal adiposity.
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Several epidemiological studies have examined RMSE in association with other cardiovascular risk factors. 9, [17] [18] [19] [20] [21] [22] [23] [24] 29 Lissner et al 17 used weights obtained at the time of health center visits and found that large RMSE was associated with impaired glucose tolerance. 17 However, no correlation was found in the Stanford Five-City Project between RMSE assessed on the basis of retrospective report of weights at 5-y intervals and the change in blood pressure, cholesterol, and pulse rate. 22 Similarly, a chart-review study of middleaged Japanese workers that examined the association between RMSE and prevalence of hypertension, hypercholesterolemia, and hyperuricemia yielded no positive results. 23 Moreover, no association was found between quintiles of RMSE based on three anthropometric measurements over a 6-y period and cardiovascular mortality during a mean follow-up of 14.5 y in a cohort study of JapaneseAmerican men. 29 Although the latter three studies seem rather inconsistent with the present result, this discrepancy may be attributable to the fact that the present study used the fasting insulin concentration as an outcome measure. The present study used weight fluctuation over a longer period than any other study, and the measure was based on previously determined weight, as opposed to recalled weight. Associations of disease with weight using self-reported measures are known to result in underestimation because overweight individuals tend to underreport while the underweight tend to overreport. 15, 16 In addition, the large sample size provided the strong statistical power to detect intercategorical differences. The cross-sectional nature of the present study cannot exclude the possibility that the insulin concentration is the cause rather than the consequence of weight fluctuation. There have been conflicting results from observational epidemiological studies regarding whether baseline insulin levels precede weight change or not. [30] [31] [32] Therefore, although the present study has indicated the association between weight fluctuation and higher insulin concentrations, determination of the cause-effect relationship requires further investigation. Another limitation may be related to the fact that participants were a series of workers who had been in a company from around the age of 20, and had been able to keep working until the year 1997. We have excluded those with a history of medically treated diabetes or cancer. These two subsets of subjects had a significantly higher mean RMSE (2.9 and 2.1 kg, respectively) than those without such a history (1.2 kg) . Similarly, the fasting insulin concentrations of those with a history of medically treated diabetes were 5.51 mU/ml, which was significantly higher than those without a history, and 3.06 mU/ml in those with a history of cancer, which was significantly lower than those without a history. One cannot exclude the possibility, however, that there may have been a group of individuals with large weight fluctuation that had dropped out before the baseline. Thus, the present result may apply only to a relatively healthier population.
In conclusion, from this cross-sectional analysis of middleaged Japanese men, we found a positive association between the fasting serum insulin concentration and weight fluctuation that occurred from young adulthood. The implication is that weight fluctuation until middle age would increase the risk of developing insulin resistance or hyperinsulinemia. To further explore the influence of weight fluctuation on the insulin metabolism, prospective observations together with measurement of changes in adiposity are needed.
